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CO2	  emissions	  are	  growing	  
Atmospheric	  CO2	  concentraWon	  is	  
correlated	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  global	  average	  temp.	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Fossil	  fuel	  combusWon	  for	  electricity	  generaWon	  and	  
transportaWon	  is	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  the	  current	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  emissions	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Hydrogen	  powered	  Fuel	  
Cell	  vehicles	  only	  emit	  
water.	  
	  18 1 Introduction to Carbon Capture
Fig. 1.6 Schematic of primary options for CO2 capture from various hydrocarbon-based energy
conversion processes
or more often, oxygen input into the gasifier. A limitation of gasification is the
need for an air separation unit (ASU) for the generation of high-purity O2 as a feed
gas to the gasifier. The gasification process suppresses the formation of water and
instead produces primarily CO and hydrogen gas (H2). IGCC systems operate at high
pressures (e.g., 500–700 psia) and require the oxidant stream to also be pressurized.
Gasification takes place rapidly at temperatures above 1260◦C, which is greater than
the ash fusion temperature, allowing ash to become molten and separating easily
from the gas. In addition to H2 and CO, CH4 is generated in small amounts and H2S
is also generated depending upon the extent of sulfur present in the energy resource.
The hot and pressurized synthesis gas exits the gasifier and a particulate control
device then removes particulate matter, after which steam is added to the fuel gas
(also known as synthesis or syngas) to promote the conversion of H2 and CO2, which
is called the water gas shift reaction, i.e.,
CO + H2O ↔ CO2 + H2 (1.5)
H2	  uWlizaWon	  
(PEM	  fuel	  cell)	  
CO2	  +	  H2	  (CO,	  H2O,	  CH4,	  traces)	  
CO2	  +	  N2	  (O2,	  H2O,	  traces)	  
Membrane	  use	  
MoWvaWon	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Gas	  SeparaWon	  
Solu9on/diffusion	  mechanism	  
1.  adsorpWon	  
2.  dissociaWon	  
3.  the	  chemisorbed	  molecule	  dissociates	  into	  atomic	  form	  H·∙	  or	  N·∙	  
4.  diffusion	  
5.  recombinaWon	  
6.  desorpWon	  
Niobium,	  Vanadium,	  Tantalum	   Palladium	  and	  its	  alloy	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PermeaWon	  Mechanism	  
Ji =
Pe
δ
·(pi−retentate
n − pi−permeate
n  )
(Ideal  selectivity) αi /He, CO2  =
Permeance i  
PermeanceHe, CO2   
LimiWng	  step	  determined	  by	  exponent:	  	  
§ 	   n	  =	  0.5,	  bulk	  permeaWon	  limited	  diffusion	   	  	  
§ 	   n	  =	  1.0,	  surface	  reacWon	  limited	  diffusion	  
Permea9ng	  Flux	  through	  dense	  membranes	  is	  governed	  by:	  	  
	  Permeability	  of	  the	  membrane,	  Pe	  
	  Thickness	  of	  the	  membrane,	  δ	  
	  Difference	  in	  parWal	  pressure	  across	  the	  membranes,	  (pni,retentate	  –	  pni,permeate)	  
	  
Gas	  SeparaWon	  
Where	  i	  =	  N2	  or	  H2	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Set-­‐up	  for	  N2	  PermeaWon	  Tests	  
Metallic	  Foil	  Membranes:	  
	  -­‐	  Niobium	  
	  -­‐	  Vanadium	  
	  -­‐	  Tantalum	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Permea9on	  Test	  Opera9ng	  Condi9ons:	  
-­‐  Temperature:	  400	  °C	  
-­‐  Permeate	  pressure:	  1	  bar	  	  
-­‐  Sweep	  gas:	  Ar	  (50	  mL/min)	  
-­‐  Retentate	  pressure:	  3	  –	  6	  bar	  
Gases	  Used:	  
	  -­‐	  N2	  
	  -­‐	  CO2	  
	  -­‐	  He	  
	  
N2	  -­‐	  SeparaWon	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N2	  -­‐	  SeparaWon	  
Similar	   to	   a	   Pd-­‐based	   membrane	   for	   H2	   separaWon,	   N2	   molecules	   preferenWally	  
permeate	  through	  metallic	  membrane	  by	  the	  soluWon-­‐diffusion	  mechanism	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High	  N2	  SelecWvity,	  Very	  Low	  Flux	  
Δp	  [bar]	   Nb	   Ta	   V	  
2	   34	   28	   40	  
3	   45	   40	   57	  
4	   62	   45	   62	  
5	   68	   57	   73	  
400	  °C	   N2	  Permea9ng	  Flow	  rate	  [L/m2/day]	  
N2	  -­‐	  SeparaWon	  
Metallic	  membranes	  (V,	  Nb,	  Ta)	  are	  enWrely	  selecWve	  for	  N2	  over	  He	  
and	  CO2	  (α	  =	  ∞)	  
Fluxes	  are	  low	  	  
Metallic	  thin	  films,	  an	  order	  of	  magnitude	  thinner	  than	  foils,	  may	  lead	  
to	  significantly	  higher	  fluxes	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Surface	  CharacterizaWon	  by	  SEM	  and	  EDX	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Thin	  V	  membrane	  –	  Work	  in	  Progress	  
q  Vanadium	  target:	  99.95%	  purity	  
q  Spuwering	  condiWons	  
§  Base	  pressure:	  1E-­‐6	  Torr	  
§  Ar	  pressure	  and	  mass	  flow:	  5E-­‐3	  Torr,	  30	  mlpm	  
§  DC	  power:	  75W	  
13 
q  Ceramic	  support	  furnished	  by	  OSU	  
§  600	  nm	  of	  V	  on	  the	  ceramic	  support	  (2	  membranes)	  
Permea9on	  measurement	  
V#1	  (600	  nm)	   V#2	  (600	  nm)	  
Temperature	  [˚C]	   RT,	  400	   RT,	  100,	  200,	  300,	  400	  
∆p	  [bar]	   3,	  4,	  5	   3,	  4,	  5	  
N2	  -­‐	  SeparaWon	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Thin	  V#1	  membrane	  –	  Main	  Results	  
As	  deposited	  
Mirror-­‐like	  finish	  
Membrane	  cracked	  
a]er	  400	  ˚C,	  Ar	  exposure	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  SeparaWon	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Thin	  V#2	  membrane	  –	  Main	  Results	  
As	  deposited	  
Mirror-­‐like	  finish	  
V#1	  -­‐	  A]er	  400	  ˚C	  
Under	  gasket	  
V#2	  -­‐	  A]er	  slow	  heat	  
up	  to	  400	  ˚C	  
Hea9ng	  profile	  
§  Ramp	  rate	  of	  2	  ˚C/min	  for	  all	  temperature	  changes	  
§  Direct	  heat	  up:	  RT	  to	  400	  ˚C	  (6h	  dwell,	  broken)	  à	  RT	  
§  Slow	  heat	  up:	  RT	  à	  100	  ˚C	  (12h	  dwell)	  à	  200	  ˚C	  (18h	  dwell)	  	  
	  à	  300	  ˚C	  (19h	  dwell)	  à	  400	  ˚C	  (10h	  dwell)	  à	  RT	  (Not	  broken)	  
Same	  color	  changes	  regardless	  	  
of	  exposure	  Wme	  (surface	  oxide)	  
N2	  -­‐	  SeparaWon	  
Permea9on	  measurement	  	  à	  No	  significant	  selecWvity	  observed	  for	  N2/Ar	  (Knudsen	  raWo)	  
No	  selecWvity	  found	  probably	  due	  to	  the	  dominant	  Knudsen	  flux	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q  Metallic	  Membrane	  for	  N2	  separaWon	  has	  been	  invesWgated	  	  
	  
§  V,	   Nb,	   Ta,	   Fe	   show	   infinite	   ideal	   selecWvity	  à	   only	   N2	   can	   permeate	   through	   the	  
membranes	  
§  N2	  permeaWon	  flux	  through	  the	  membrane	  is	  extremely	   low	  and	  affected	  by	  oxidaWon	  
of	  the	  surface	  
§  Membrane	  performance	  are	  improved	  by	  increasing	  pressure,	  temperature	  
Gas	  SeparaWon:	  Metallic	  Membranes	  for	  N2	  SeparaWon	  
	  
	  
q  Prepare	  defect-­‐free	  inorganic	  membrane	  able	  to	  work	  for	  long	  periods	  
q  Fabricate	  composite	  alloy	  membranes	  for	  enhancing	  N2	  permeaWon	  flux	  and	  
reducing	  oxidaWon	  effect.	  
Thank you  
for your attention!
